Abstract Quantification of time series that relate to physiological data is challenging for empirical music research. Up to now, most studies have focused on time-dependent responses of individual subjects in controlled environments. However, little is known about time-dependent responses of between-subject interactions in an ecological context. This paper provides new findings on the statistical analysis of group synchronicity in response to musical stimuli. Different statistical techniques were applied to time-dependent data obtained from an experiment on embodied listening in individual and group settings. Analysis of inter group synchronicity are described. Dynamic Time Warping (DTW) and Cross Correlation Function (CCF) were found to be valid methods to estimate group coherence of the resulting movements. It was found that synchronicity of movements between individuals (human-human interactions) increases significantly in the social context. Moreover, Analysis of Variance (ANOVA) revealed that the type of music is the predominant factor in both the individual and the social context.
Introduction
The analysis of human body movement is relevant for a number of research areas such as therapy and rehabilitation (Nayak, Wheeler, Shiflett, & Agostinelli, 2000) , sports (Martin, 2008) , bioinformatics (Buldyrev, Goldberger, Havlin, Mantegna, Matsa, et al., 1995) and neurology (Machulda, Ward, Borowski, Gunter, Cha, et al., 2003) . Also in empirical music research, there is a growing interest in how the human body moves and responds to music (Castellano, Bresin, Camurri, & Volpe, 2008; Bernhardt & Robinson, 2008; Thaut, Mcintosh, Rice, Miller, Rathbun, et al., Frank Desmet (B) IPEM, Department of Musicology, Ghent University, Ghent, Belgium, e-mail: fm.desmet@ugent.be 1996). However, the study of music-driven human body movement is complex because it has to deal with several factors that introduce variability on top of musicdriven time varying data, such as the neural-muscular-skeletal variability among subjects, the variability in response patterns of single subjects due to learning and training, or the subjects' background (gender, culture) (Stergiou, 2004) . The present study relies on Leman's model of music communication, which is based on the notion of embodiment (Leman, 2007) . The human body is thereby considered as a natural mediator between mind and physical environment. In this paper, we focus on Leman's social factor (Leman, Desmet, Styns, Van Noorden, & Moelants, 2007) of the above music communication model by studying music-driven body movement of a group of people whose social interaction is taking place in ecological conditions. Music is thereby seen as a social phenomenon and the quantification of social interaction is considered to be a key factor for the development of future electronic mediation technologies and applications. So far, most studies on music-driven body movement have been carried out in controlled laboratory conditions, often with single subjects, limited to simple motor tasks (Toiviainen & Snyder, 2003; Boone & Cunningham, 2001) . Although some studies have focused on group behavior, few studies have studied music-driven body movement in real life (ecological) environments (Clayton, Sager, & Will, 2004) . In this paper we test the hypothesis that humans move more synchronous to the beat of the music and with each other in group than in an individual setting. To test the above hypothesis we rely on different methods yet all methods share a common approach, namely, the definition of similarity measures, which is then applied on the Multivariate Time Series (MTS) matrices. This paper is organized as follows: in Sect. 2 the experimental design and data considerations are reviewed, Sect. 3 deals with the analysis, discussion and conclusions are given in Sects. 4 and 5.
Experimental Design and Data Considerations
The experiment was carried out during the Accenta 2007 exhibition in Ghent, where groups of four subjects moved remote Wii sensors while listening to (recorded) music. Sixteen groups of four adolescents participated in the experiment (mean age sixteen). Audiences could watch the performances of these groups. Each group had to perform the task in two conditions, namely, an individual condition, where the participants were blindfolded, and a social condition, where the participants could see each other. Each group had to move in response to six pieces of music. Each piece lasted about 30 s. For a more detailed description of the experimental setup see De Bruyn, Leman, Moelants, Demey, and Desmet (2008); Demey, Leman, Bossuyt, and Vanfleteren (2008) . The acceleration data from the remote Wii sensors were registered wireless on-line on a laptop computer via the Bluetooth protocol in a PD patch and sampled at a 100 Hz rate. Given the design of the experiment (16 groups, four participants per group, six musical excerpts, two conditions, three axes), this resulted in 2,304 time series with length N D 3,000 (30 s 100 samples s 1 ). In
